Reproduction is an essential part of life, and many biologists are rightly obsessed with it. For one, we are all part of an uninterrupted stream of successful reproductive events that connect our parents to us, and perhaps ourselves to our children. While biparental sex (i.e., mating between two individuals, or outcrossing) is the rule for humans, this is not the only possibility in nature. In groups such as flowering plants and invertebrates, hermaphrodites are common and these individuals are capable of mating with themselves -a process known as 'selfing' (Figure 1 ). Upon comparing outcrossing and selfing plant species, George Ledyard Stebbins famously proposed selfing to be an evolutionary ''blind alley'' that constrains adaptation: ''self fertilization [.] would reduce markedly the evolutionary potentialities of those lines which adopted it'' [1] . The possibility of reduced adaptive potential in selfing organisms has inspired a great number of theoretical [2] [3] [4] [5] and empirical studies on the effects of mating systems on neutral and quantitative genetic variation in nature [6] [7] [8] . However, no empirical selection experiment has yet directly put to the test a central tenet of the blind alley hypothesis -that selfing limits the rate of adaptive evolution. Now, in a new paper in this issue of Current Biology, Noë l et al. [9] test this prediction in snails.
The experimental approach was straightforward. Noë l et al. [9] experimentally evolved snail (Physa acuta) populations. At the outset, replicate populations were established with one of two mating systems for 30 generations: 100% outcrossing each generation, or switching between 100% selfing and 100% outcrossing every other generation. Partial selfing causes a reduction in the effective population size and the efficacy of recombination in comparison to the fully outcrossing lines [10] . Indeed, the partially selfing lines lost 42% more of their quantitative genetic variation, which is the raw material of adaptation. After 30 generations, all of the snail populations were then subjected to artificial selection on shell shape, a trait that varies considerably within and among snail species. Individuals with the most round shells were selected under two mating regimes: 100% outcrossing or 100% selfing. This experimental design permits a decoupling of the effects of immediate selfing and a history of selfing on the rate of adaptive evolution, allowing the effects of both to be experimentally determined.
Challenging the blind alley hypothesis is a tricky business. The effects of selfing and selection are notoriously difficult to isolate, as evidenced by Fisher's famous line, ''either inbreeding or selection, never both at the same time'' [11] . This issue arises because 'adaptive potential' is not the same for outcrossing and partially selfing populations. In outcrossing populations, additive genetic variance is the key quantity determining the response to natural selection. With selfing, however, non-additive components of genetic variation can contribute to the response to selection [12] . It is possible to compare the Dispatches adaptive potential of outcrossers and selfers from a quantitative genetic study of such variance components, but these predictions are not straightforward [13] . Instead of taking this approach, Noë l et al.
[9] rearranged the breeder's equation, a classic tool for predicting trait evolution, to directly estimate the adaptive potential, or 'realized heritability', of populations. The realized heritability quantifies the amount of genetic variation that contributes to adaptive trait evolution. In graphical form, this quantity is the slope of the relation between the response to selection and the selection differential in a generation (h 2 realized = R/S; Figure 2 ). Importantly, this approach permits a direct comparison of the adaptive potential between populations with fundamentally different mating systems. Irrespective of their reproductive biology, populations with the greatest adaptive potential should have the highest realized heritability.
The snail selection experiment of Noë l et al. [9] demonstrated compelling effects of selfing on rates of adaptation. In the first few generations, the response to selection was actually enhanced with 100% selfing, but this effect disappeared in three generations, as these populations quickly exhibited a lower realized heritability. In contrast, the response to selection marched on unabated with 100% outcrossing, with these populations exhibiting high realized heritability. These results reveal the immediate consequences of selfing on adaptation, regardless of historical patterns of mating. Perhaps more germane to the blind alley hypothesis, however, was the influence of historical outcrossing and partial selfing on the rate of adaptation and adaptive potential. Throughout the experiment, the response to selection was elevated in historically outcrossed lines, and they exhibited the largest values of realized heritability (Figure 2) . In a result that was not expected in their accompanying simulations, the experiments showed that although selection with 100% selfing inflated the phenotypic variance, much of this was non-heritable and therefore useless for adaptation. Regardless of the genetic mechanisms, it is clear that selfing reduced adaptive potential, even though it increased phenotypic variation [14] .
One intriguing discovery was the rapid time scale in which selfing appeared to slow the rate of adaptation. The question naturally arises as to whether the results of the empirical experiment reflect the costs of partial selfing in nature. The main goal of the experiments with the snails was to cleanly compare the adaptive potential of outcrossing and selfing populations when they are otherwise identical. A long history of work, however, implies that selfing populations are ecologically distinct from outcrossers [15] . If anything, the freedom from the necessity of finding mates in selfers has long been associated with volatile demographic situations or environments where pollinators are ineffective [16] . In support of this, comparisons of diversity between closely related outcrossing and selfing lineages routinely find that the latter harbor less variation than expected [7, 17] . This deficit is driven both by the reduced efficacy of recombination in largely homozygous genomes but also the ability of selfing populations to survive extreme bottlenecks [10] . If demographic volatility further robs selfers of their adaptive potential, the results of Noë l et al. [9] may, in fact, reflect the tip of the iceberg, as their experimental populations were otherwise identical except for the mating system.
While the idea of selfing as a ''blind alley'' has relatively widespread support [18] , the reality is that close inbreeding does not commit lineages to an immediate death sentence in evolutionary time. As Stebbins noted, some selfing lineages appear to defy the rules, having persisted for very long periods of evolutionary time [1] . Variability in the duration of selfing lineages is an open question that demands explanation. While the history and severity of close inbreeding is important, some lineages may last long periods of time if they happen to have large population sizes or evolve elevated recombination rates [19] . Furthermore, there is a need to understand how adaptation influences the viability of populations and therefore their vulnerability to extinction. Progress toward these unanswered questions will require additional empirical studies coupled with clever theoretical and comparative approaches [20] , hopefully in many diverse species. Regardless of how this body of work unfolds, the approach taken by Noë l et al. [9] stands as an example of how to test a longstanding and thorny evolutionary hypothesis with a straightforward experiment.
9. Noë l, E., Jarne, P., Glemin, S., MacKenzie, A., Segard, A., Sarda, V., and David, P. (2017). Experimental evidence for the negative effects of self-fertilization on the adaptive potential of populations. Curr. Biol. 27, 237-242. These lines describe the cumulative amount of adaptive trait evolution over a time span of four generations. For a given amount of selection in a generation, the evolutionary response is predicted by the realized heritability (h 2 realized ), or the slope of the line. In this example, historical selfing slows the rate of adaptation.
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Sharp wave-ripples in the hippocampus are believed to play a key role in memory formation: they have been observed in many mammalian species, but until recently their contribution to memory had been studied only in rodents. A new study suggests a similar importance for memory in primates.
Memory arises from a wide variety of physiological processes, ranging from synaptic plasticity [1] to coordinated neuronal activity within and across brain areas [2] . Sharp wave-ripple oscillations in the hippocampus, a brain area believed to be instrumental in memory formation, are the best candidate phenomena described so far that can potentially bridge the gap between these phenomena. Sharp waveripples are short, high-frequency bursts of neuronal activity and are among the most robust and evolutionarily preserved oscillatory events in the mammalian brain [3] . A large body of work, primarily in rodents, has established that sharp wave-ripples are the biomarkers for hippocampal mnemonic processes, but because of the paucity of data from other species it is still unclear whether this link is conserved among mammals. In this issue of Current Biology, Leonard and Hoffman [4] report the first evidence of a connection between sharp wave-ripples and memory in primates.
Sharp wave-ripples have been associated with the brain's 'off-line' state, whereby the sensory inputs coming from the outside world are dampened and the intrinsic neural activity patterns are largely internally generated. These short events occur mainly during non-REM sleep and quiet rest [3] , and these socalled quiescent-sharp wave-ripples have been shown to play a causal role in spatial memory consolidation [5, 6] . High-density recordings from 'place' cells in the rodent hippocampus led to a fascinating discovery -the neural ensembles active during sharp wave-ripple events are the reactivated representations of recent experience [7] . Place cells are hippocampal neurons that fire when an animal occupies a particular position within the environment, typically a laboratory box. If a rat is trained to run on a linear track, the sequence of place cells activated during the runs will be replayed during subsequent sharp wave-ripples, albeit in a time-compressed manner [8] .
Importantly, these sharp wave-rippleassociated place cell sequences seem to be internally generated and independent of ongoing sensory experience. Newly formed memories are initially dependent on the hippocampus but are progressively incorporated into the neocortical networks [9] , and there is a strong association between quiescentsharp wave-ripples and reactivation of recent neocortical memory traces [10] .
Sharp wave-ripples also occur during pauses in ongoing behavior in rodents otherwise engaged in a goal-directed task, and these exploratory-sharp wave-ripples seem to be qualitatively different. The exact cognitive processes associated with these exploratory-sharp wave-ripples have so far been hard to pinpoint, with evidence pointing towards spatial working memory [11] . Importantly, some hippocampal place cell sequences associated with exploratory-sharp waveripples in rats seem to reflect recent and future trajectories [12] [13] [14] .
